Abstract A new species and 2 new records of lichen genus Buellia were discovered from Chuja-do Island in Jeju Province during a recent floristic survey: B. chujana X. Y. Wang, S. Y. Kondr., L. Lőkös & J.-S. Hur sp. nov., B. halonia (Ach.) Tuck., and B. mamillana (Tuck.) W. A. Weber. The new species is characterized by a brown, areolate thallus, the presence of perlatolic acid, and a saxicolous habitat. Together with previously recorded species, 10 Buellia species were confirmed from Jeju-do Island. Among these species, 3 growing in the exposed rocky area contained xanthone (yellowish lichen thallus, UV + orange), indicating that production of xanthone in this genus might be a defense strategy against the harm of UV light. Although the genus Buellia has been thoroughly studied in Korea before, novel species have been discovered continuously, and large species diversity has been found in this crustose genus, even from a small rocky island. This study indicates that the coastal area harbors a vast number of crustose lichen species, and there is great potential to discover unknown lichens in the coastal rocky area in Korea.
Secondary metabolites of all the specimens were identified using spot tests (K = 10% aqueous KOH solution, C = saturated aqueous Ca(OCl) 2 , KC = 10% aqueous KOH solution followed by saturated aqueous Ca(OCl) 2 , P = 5% alcoholic p-phenylenediamine solution) and thin-layer chromatography (TLC) as described by Elix et al. [9] and Orange et al. [10] . Solvent C (toluene : acetic acid = 85 : 15) was used for TLC analysis.
DNA isolation, PCR, and DNA sequencing. Genomic DNA was extracted from freshly collected, frozen herbarium specimens using the DNeasy Plant Mini Kit (Qiagen, Hilden, Germany), following the manufacturer's instructions. Sequences of the internal transcribed spacer (ITS) region, including the 5.8S ribosomal RNA gene, and partial (5' portion) large subunits of the ribosomal RNA (nrLSU) were generated for the new species and new records. Primers pairs ITS1F [11] and ITS4 [12] , LR0R [13] and LR5 [14] , were used to amplify the ITS and nrLSU regions, respectively. Protocols for PCR amplification and sequencing were detailed by Liu et al. [15] .
Sequence alignment. Newly generated ITS sequences were aligned with selected Buellia sequences from GenBank (Table 1 ). All raw sequences were assembled and edited using SeqMan (DNAstar packages) and BioEdit 7.09 [24] , then were automatically aligned using MUSCLE v3.6 [25] . Ambiguous regions were identified and excluded using Gblocks [26] with the following parameters: for a conserved position, 15; minimum number of sequences for a flanking position, 16; maximum number of contiguous nonconserved positions, 6; minimum length of a block, 3; and allowed gap positions, with half.
Phylogenetic analysis. Maximum likelihood optimality criterion (ML) and Bayesian Inferences (BI) were used to construct the phylogenetic trees. Gaps were regarded as missing. GTR + I + G best-fitted substitution models were selected based on the Akaike Information Criterion (AIC) using jModelTest 3.7 [27] . BI analyses were performed 
RESULTS AND DISCUSSION
Twenty-eight sequences were used in this study, with 6 of them (ITS) being newly generated (Fig. 1) (Fig. 2A, 2B and 2E) Mycobank: MB 814618.
Fig. 1.
Phylogenetic tree inferred from the Bayesian Inference analysis based on internal transcribed spacer nrDNA data (see Table 1 ). Bootstrap values (maximum likelihood)/posterior possibilities (from Bayesian Inference) are shown above or beneath individual branches. The sequences with bold letters were newly generated in this study. The epithet refers to collection location in Jeju Province, Chuja-do Island. Morphology and chemistry: Thallus crustose, rimose, continuous, dark greenish brown to dark brown; areoles 0.2~0.6 (~0.9) mm across, scattered and distant in the peripheral zone; prothallus grey or blackish grey, absent, or delimiting the thallus as a black outline; surface dull, smooth, and without pruina; medulla white, non-amyloid. Apothecia 0.2~0.3 (~0.6) mm in diam. from immersed to sessile; disc black, epruinose, planar; exciple narrow, mamillana-type, HNO 3 −; epihymenium brown, hymenium 50~60 μm tall, hyaline, without oil droplets or with scarce oil droplets 4~5 μm in diam.; paraphyses up to 2.5 μm diam., distinctly swollen towards the tips, with black caps 3.5~4 μm in diam.; hypothecium brownish, 20~30 (~70) μm; asci Bacidia-type, 8-spored, spores dark brown, (0~) 1-septate, ellipsoid, 6~8 × (6~) 7~9 (~11) μm. Pycnidia not seen.
Spot test: all negative (K−, P−, C−, KC−, CK−), UV−, containing perlatolic acid as the main compound (by TLC). Notes: Buellia chujana is characterized by a smooth, rimose, and dark greenish-brown thallus, greyish hypothallus, saxicolous maritime habitat, growing on non-calcareous substrate, (HCl−) and small, 1-septate brown ascospores (less than 10 μm) long. It might be confused with B. nashii Bungartz, which has a brown thallus and grows on rock from the seaside, but the latter species differs by having subsquamulose thallus, dispersa-type apothecia, and atranorin and norstictic acid as its main compounds. B. badia is another species from South Korea with brown thalli which might be confusing, but it differs from this new species by the lichenicolous habitat (usually grows on Aspicilia sp. in Korea), squamulose thallus, and by having no secondary substances.
Buellia ryanii Bungartz, reported from America, has an olive brown thallus and spore size similar to B. chujana, but it has lecideine apothecia (aethalea-type), a distinct black prothallus, and pigment in the epihymenium (HNO 3 + violet), furthermore, it does not have any secondary metabolites. B. tergua Bungartz from America also has a brown color ("leather colored"), similar spore size, and maritime saxicolous habitat, but it differs from this new species by its lecideine apothecia (aethalea-type), strongly carbonized exciple, pigmented epihymenium (HNO 3 + violet), and the absence of substances. Buellia halonia (Ach.) Tuck., Lichens of California (Berkeley): 26 (1866) (new to Korea) ( Fig. 2C and 2F ). Morphology and chemistry: see Bungartz et al. [1] . Notes: This species is unique by its yellowish-green, UV + orange and areolate thallus; apothecia small, trachysporatype, up to 0.5 mm in diam. Ecology and distribution: It has been reported in the Pacific coast of North and South America [1] , and was newly recorded in the coastal area of South Korea. 
